$OUAO BAdDPY [DDIWOUOIISY IO} JBjus))

I1I3ISUVIN 30
IN0VISAHA0Y1SY.0 IHI0LVHOEYT

SIS YT

3||I9SIBN X1y

"BUOZUY JO AJIsianiun ‘AlojeasasqO plemalSe

p aJiojeloge;

CLLETR

a|1este| ap anbisAydousy,

..A
JVOI¥IWY NI WUM<
"BUOZUY JO AJISIaAlun ‘s@oualog [eand Jo abajjo
L LY JO Al ! I9S 1B2RAO 4 1100,
- IOVAOY IANYXITY 1HI TN AISTIM 1STHGNNT HIJINNIC 2ONOT "d HdISOr

ION3IDS

ONIDNVAQY
S IHOINY NILSNP 4 ZLNYY D9V INTTOAIH HIANYXITY LNOTNHOD NVA FTAM ZNVINTHOSE SIYHD 1 LYVH TAVHDIW ANOUVAYH H3AIAITO70DSNd AdYIIHL
‘ZT3HOIIN LIONZE ‘:NOYATINOIWYHD INIDNIA ‘ZVITHHOD SOTIVD ‘ STTVIN ATdV([ INOYILO-NINY/ I443id ¢

1Z1VHOS H NIdNV'1

SOI11dO FWFH 1L XS
1 NI DONISNAS LNOY4IAVM AIWNVYAd

10 V44 dH




BUOZIJY JO AJISIDAIUN AB|IBg BSSIUBA AIpaJD) 98eW]|

9JUBWIIOMD =

Jejs 1soy L

Jouoneoo] TT—% S
s’

SOBWRYIR|| =

-

\. uonesadQ =
(v o JOSUDS JUOIJOABAA PIWeJA POPIS 994Y]| =

1gJo s,aunidaN
jo 8z1g

SUISUDS JUOIJOABAA PIWERIA] =
iw uol|iigq 09
wi uoliiq 26

NV 059 wumﬁn_D X|O<Mm—>_ u

g 90690} AH

. so1ndQO aAndepy swLUIX] =

3uidew| 3oue|doXg :UOIIBAIIO|| =

ANITLNO

UOIBANOI,|



9|qe3iqey Ajjenualod
| 2 9Je uoldaJ siy3
yues xz-| :9zis jaue|d ‘ .. . C_ WHQCN_ﬁ_ _UQN_W IH(-.NM [

J93eM pInbi| 3u0ddns

J ) F ued jaueld e auaym
mowisAr S Je)s ® punoJe uoisoy m

610T 1T Y248
jo se sjoue|doxa €| 0y =

X

aTiod 0oL

2uozZ 9|qejqeH

ANOZ F19VLIdVH dHL

UOIBANOI,|



UOISSI|A 1UISSBD) YSYN 3IPa42 a8ew|

{30P ©Nn|q AUl & 9Z|u3)dBJBYD OM Op MOH
3jed) 9oedg 1UISSBY) WOy YlJe] Jo 93ewl|

10d 4N19 ANILY

UOIBANOI,|



suonesIsaAU| .
22U3|NgJnl YiIM Jels 20UBIS ABWID YSYN 3UpadD) a3ew| wn_OUmw_wu_u wumn_m °199NH VSVN 31pa13 0104d

i e . A i A T
LD i / T o AN

32U9|NQJN3 INOYIIM JBIS

aJaydsouriay L

a1aydsox3y

JSEJIUOD)

FONITNTEINL ANV LSVHELNOD -SINFT1dOdd FWOS

UOIBANOI,|



OpPNIIUSR]Y [ IR)G OpIlLy)
vt €1 ¢ 11 0T 6 & L 9 S ¥ € ¢ 1T 0

=—— _;__-v_nm.:g, . ‘gouewouad g
—— ,:TYTI. wr OC - -
—a— [m | ¢ ::::.1 n r_@_r_ puewap SO
- ueipow| wil 6 J =S
i W Bew yyLL pue ssewuie ybiH
|| =
, 2 (GLOg ‘@inieN “le 1o
R S T~ i #mi 4 win|es) ans|jo4 aey Aq
, e = = = = = = I N $ 0
O\)A o , _ C@V_MH. Qm—' mov_l_ u_.o mmme_ (wnnupudn-pH) 1ASY dITH 2
;T:::ﬂ_gﬂ N ,::m L—w___u..v
T oo 91319||0) ') 0/>
ol :A Ll xv lul xv
:..N\ . .H: o 0 20— ¥0— 90—
o 1 20 o0
uRIpour :s—“—\ 604 ¢ E
a
o O "
i =
90 vNu !
iy o v X I = 4
c ——a - re)

e T —a—— 3

3oy bepy
S1INVTIdOX3 40 ONIDVIWI 1Y

UOIBANOI,|



elawen JUOJJIABAN y .

G
uonnjosas-ybiy P
£ :

JUOljaABAN
pa13alio]

ST LITET =TT
pajiolsig

JoMIN
aAndepy

JOo/uo OV Ym a|qqnH adoasaja)
wouy by

SOILdO JAIL4dVAV

OV dWaJix3




ydeasouuod
JSBJIIUOD YSIH

JOSUDS JUOIJIABM
dduew.Joidd YsiH

JUNOD

Jojenide ysiy Yyam
JOU1|\| S|qeWJOR(]
:syusuodwon) Ay

ddH1dNS d31S ANO -OV T 1 XS

OV dWaJix3



s9[e| paJe[aIpalD) oloyd

ydeadeuouod
JSBJIIUOD YSIH
JOSUDS JUOIJIABM
dduew.Joiad YsiH
JUNOD
Jojenide ysiy Yyam
JOU1|\| D|qeWJOR(]
:syusuodwon) Ay

ddH1dNS d31S ANO -OV T 1 XS

OV dWaJix3



/W\w

SI0eNIOE 8L0T i <m®—>—

m\

sJojenide Gg8¢q 8 <mm_\/_

NG 49199Mm|
AT OWG

3s0|D) pJIe] Aq
udissg Yaspo3do

dOUYIN F19VINEO43Ad - X-OVOVIA

OV dWa.1x3



LWOY|JO5) UBA 3JAY] 3IP3JD) 0I10Yd
N  493°9=oM |

dOUYIN F19VINEO43Ad - X-OVOVIA

OV dWaJix3



"BUOZIIY JO Alisianiun ‘Alisieniun usplaT
Upaln "usss Ajises uoiuedwon Aeuig ‘QvbeN 18 pa|eisul
ydeibruoi0o ddV-10108A 8] JO UOISISA [eluswLIadxs

ue ybnoiyl usyel unejus) eleq Jels syl Jo sbewl signoqg Je1s 9y >o|q 03 230ds Jep y:asajduns s31 3y

ydeiBeuoio)

B|qISIA MOU _
sysuejdoxgy —

guag /w/

SHdVYOVNOYOD

OV dWaJix3




3UISUDS JUOIJOABM

+ ddVA
ydeaseuouod JqyA

N

aue|d [edo4

o 25 .0;
Y

VvOen

v Oen

USpIa7 4O "AluM Aq paJnidejnuel,| pue pausisa(] ddVvA

HdVYOVNOUOO - X-OVOVI

OV dwa.1x]



Extreme AO

I
al
<
(a'd
O
<
2
>
®
Y
X
O
<
J
<
>

Photo Credit: Jared Males



\\w}.. S

N\, 5%

NTNYDO+PIeiAg w%, vOen

plweihg <@.m_>_

JOSN4ES LINOY4IAVM AINVHEAD - X-OVOVIA

OV dwa.1x]



e
P3]||043U0d WOpad) — s
Jo s92.39p jo # =s|oxid jo # it e,
- b bk b |
aue|d eao4 [ idnd O 10108]8p Y —€1—214+ 1] e rm.
ENIREINRIRNED
i * J| Hi Hl mlElmle piwelAd
o i = S S
1| (| H |
A X rm mm _mm m adooss|e] Wwo.|

_u_Em._?w T UUBWLIBH-OBYS

NOILVINAOW -

DONISNAS LNOY4IAVM AIWNVYIAd




9GX9G *
MNTUNVIO+Pluwesiy

zexze pursky o\ DA

ATWNVOO

JOSN4ES LINOY4IAVM AINVHEAD - X-OVOVIA



ZH9°E SI[EOD .
ipoods ZH| 7

idOO1 d3isO1D




Adewiid ay3 dn ayew sdoddiw /

"(173) @doassja|. (LIWD) 2dodsajp|
934e A]pwaulIx3y ay3 Jo SulIspuad ISAY Ug|[98E|,| JUBID) dY3 JO SUlIIPUDI ISPIY

>

LS N\ /]
N N

N

7
\®

0
4,

:4;

/2 /2
I\ &I\ ~/1\

AN

Q!

a7

»
{ )
4 )

S3dODST 1AL IDUVT ATHWIYLXT dHL




siidnd otvgxove
UM zH 2902

/ —\
/, \
\ /

/ \
\
)
\ /
\ /4
\ 74
\ /

ITWVYIO
UO ZH{Z SPOW OFT X OFT =

51039933 HTWVIO € =

SJoJJIW
9|qeW.JO)op J0IBNIdE )O00‘E X/ =

SINdIN
000€ XL

X-OVOVID ‘WALSAS SOI1dO JAILdVAV

FJNTY1LXT IdODSTTALNVTIEHOVIN LNVID dHL




ww 0z _ -

AsuinQ 110

SJUBWIONDY [[B49AO

SHAAdY 2A1Id9)ja4 ' ueyd J9dwiIS ANARISUSS

asiou

S|eusis
PEaJ 03 ARISUDS $S9|=S|oXId SS9 m

JOSUS3S JUOJJSAEM 3] Jead] O MOH

9JNJJEjNuel O3 SISty m SIAJE 2ARdRIRU B yum SunJels

'SIJoUSYg SWOS

dOSNES LINOY4IAVM AIWV AFdHL, dHL




UL ¢
T T

adbad el
gy O
SapIs-f
hedbel £e
Ser_(E)eg_1;
S Pv i
S+ x
4 4 =y .m.
|VMNIA|VNN
= L)

suonenby de}, sado|g

POY3IS| dWed{ [[N4 Y3 3sN 4O

(th‘ex) g

uIS1J0 33 IB 433U 3YI YIM d[3uelil
[es93e|inba ue Joy uonenby pioaauan

STVNDIS dHL 1VIH1 O1L MOH




u bauq |enedg

4 uopenpow q/v § u bau4 [enedg

&

wn
.m B dep
3 38 3 3 2 AyAnisusg
3 3 Jauno4 g
a A .
o I|Nsay

r,_o_u,uw(_,_n_.% | M uondaJlqg-X co_uuw(__n_% .V uonsaJig-x

| II"II - | \
! lll""llI"_.,. ‘, .
. l"lll"l"l_l |
w.oysued | : """ | mwao_m
Ja1noy ! | aIndwon

9pol |4 3ndu|

ADNINOIFYL TVILVAS 4O NOILDNNL V SV ALIAILISN3S




bau{ |eneds
u

bau{ |enedg
u

1%
g %
0 3 o
3 o S
- -
n =
@ &
Nal
UoRdAJIC-A uonsaJIg-X

NOILVINAOIN ON SdMdt




Aouanbau4 [eneds yoes 1e xn|{ Aq pazijew.JdoN

Jaguinu apow-y Jaquinu apouwl-yj

[4

Jojguinu spow-T
Ja|quinu apowl-

bl
10X

polINWIS

ulewoq Jauno4 -asuodsal X painsespy

ulewoq Jano4 -asuodsal X painsespy

SdMdE
SdMd¥y

A-SLINSTY AFANSVANW




Aouanbau4 [eneds yoes 1e xn|{ Aq pazijew.JdoN

Joguinu apouwl-y|

Jaquinu apow-y|

, , _ 14 € 14 L 0 [l c ol -
14 € 4 L 0 - - €- -
I
L
8
.
.
‘ paRINWIS m .
6
0l

LOb ulewo(q 491No4 -asuodsal A painsespy 0V ulewoq Ja1no4 -asuodsal A painseap

SdMdE SdMd¥y

<

<

[l

)
Y]

o~
o~

L)
o
®

<
<

o
Jojguinu spow-

o
Jajguinu apow-

©

~
(Y]

o

@
]

©

o

<
<

A-SLINS3Td dI4NSVIN

I —
S4M PlwelAd



uonenpow m g

4Sd BJSWED SYAA aseyd [enpisay usa.ds aseyd anduy|

jidnd yoes ssoude sppxid g7 .

SJOJBMIJE | 8

s/w §°/ 3e SulAow udauds aseyd | .

wo9=0y .

adoossPr w g .

OVIN OO Suish 3UOp SUORENWIS PUd 01 puj

FONVINIOLddd TIVHIAO




0sT

5 o

oot C

[=1s]

sjexid 08

el

e
—

3

sainuade
-qns ¢g

siexid 79

“‘siM-d

6T




q

0ST <€

a/epque| 2 = pow  @/epque| 9 = pow

a/epque| Z = pow  a/epque| T = pop

ade1g uoneNpoy,|
690rd|y

[99YAA 9SBYd dAIDS|joY
324nog Jaqi4




q

SE

oot

BJawed adualds SOIND

Yse|d-vO YO NSIBWEWEH
UUBWIJIBH dOBYS TEXTE o




WYDH |
\ ,
05/}
\ } W
/ , 057
/| 56 Mg an
007 €= 00€ 05z ” 0sT s
m : A 7 . i B J
5 B ....... 14 Jod s (SR Al BN B W || B
| i sainuade
=5 ¥ b o [TV e
al ” 20D . 00T
007 D>
|
_ R
| |

JUOUJDABANA [ENPISDY SINSBI|A| UBD)

BJSWED 3JUBIIS SOWD

Yse|d-Y D YO NSIBWEBWEH
UUBWIJBH >OBYS TEXTE o




05T & -
8
IYD-H
0S/}
2
WLL 05z
S6'6 anN
00€ 0s? bt s T
0z i
007 A A L .u.\".
. ____ 1 s |7 a6l P e S Jsonuade
=L < : T v a | -ansee
S v 9 /
566 09°€
S0t
007 € >
518
1T
00t d1

9/}

«_OUN_J_UOZ
Y31 [eneds

>|sew aseyd

aue|d [ed204 Ul 3de|d




UOJNOJ-UluE[ 34J3ld JpaJD) :030yd

paualnel

3UODIXY

SdMdE

SdOOT NO SHOSNES LNOY4IAVM MIN

SAM PlwelAd




002 oSt 001 0S

00¢

081

091

ovi

174

00t

08

09

ov

0c

11ISAMdE IH1L NO dOO1 d3SO1D -ANOLST TN 1SHId




END TO END PERFORMANCE EXPERIMENTAL DETAILS

= Closed Loop at different levels of flux on the OCAM
= Used a ND filter wheel to vary light

= Tried different Reconstructor: Full Frame, Slopes Maps
= At each step:
= Took ~3 minutes of Shack Hartmann Data
= Mean RMS Residual Wavefront
= Zernike Decomposition of the Residual Wavefront
= Took 2048 images of the PSF on the Hamamatsu
= Calculated Strehl for each image, took the mean value.

= Recorded the Flux on the detector from an average of 2000 frames, only considered light
in the pupils. (Used a flat wave front, no turbulence.)
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